ABSTRACT The nectariless, near-isogenic cultivar of 'Stoneville 7A' produced a higher yield than its nectaried counterpart due to: ( I ) an intrinsically greater yield potential. and (2) a reduced attractiveness to insect pests which resulted in a reduction in pest damage. The greatest yield advantage occurred with the unsprayed field comparison where the nectariless cultivar had ca. 40% less damaged fruit over each of the 4 years. The nectariless cultivar also matured earlier, as much as 18 days with the unsprayed field comparison. The reduction in pest damage and earlier maturity for the nectariless cultivar has considerable significance for cotton crop production.
When compared with normal nectaried cultivars, nearisogenic, nectariless cotton cultivars have reduced populations of arthropod pests and beneficials (Benschoter and Leal 1974 , Henneberry et al. 1977 , Lukefahr et al. 1965 , Lukefahr and Rhyne 1960 , Wilson and Wilson 1976 . The degree to which the nectariless trait affords protection from pest damage depends largely on the pests' population densities and the relative attractiveness of the nectaried and nectariless cultivars. The patterns of cotton growth and the resulting yields can be expected to be most similar in the absence of pest pressures and differing more the greater the damage.
This paper reports the results of four years of studies comparing the growth, maturation, and yield of nectaried and nectariless cottons on unsprayed (high damage) and sprayed (low damage) field cotton, and for greenhouse (no damage) cotton. The primary objective of this study was to quantify the differences between the cultivars as to the relative importance of the intrinsic (genetic induced) and the extrinsic component (pest damage, etc.) as they affect crop growth, maturation, and yield.
Materials and Methods

Field Experiments
The cotton cultivars used were the nectaried and nectariless near-isogenic lines of 'Stoneville 7A' (Gossypium hirsutum). Seeding occurred on 30 October for the 1975-1976, 1976-1977, and 1977-1978 seasons and on 1 November for the [1978] [1979] season. The experimental area was an alluvial black soil. The top 30 cm of the profile is a dark-gray medium clay, and below this it grades into a brown heavy clay with calcium carbonate present at varying depths. Nitrogen was applied before seeding at 120 kg/ha, water was applied by furrow irrigation, and no pesticides were used in the unsprayed plots throughout the 4-year study period. During the first 3 years, all plots had a mean density of 14 plants per m-row (I-m spacing between rows). The 1978-1979 plots had a mean density of 11 plants per m-row. (1975-1976 to 1978-1979, respectively) for the unsprayed and sprayed treatments were 0.1 I , 0.61, 2.43, and 4.05 ha for each cultivar. During the 1975 During the -1976 During the and 1976 During the -1977 season, each plot was present within each of three replicated blocks. Unreplicated plots were used the last two seasons. The sprayed blocks of 'Stoneville 7A' cotton were enclosed within a 40-ha block of commercial cotton ('Deltapine 16'). The sprayed fields were 0.9 km from the unsprayed block. Treatment decisions, mostly for Heliothis spp., and spray application dates were decided by the farmer after sequential sampling (Sterling 1976) . Pesticides used were: Endosulphan at 735 g (Al)/ha, Amitraz at 140 g (AI)/ha, and DDT-Toxaphene at 2500 g (AI)/ha.
Insect Population Estimates
Insect sampling in each year commenced 3 weeks after plant emergence. Sampling was carried out by wholeplant visual examination of 1 -m-row lengths of cotton, which gave estimates of lepidopterous egg and larval densities, and by a D-Vac sampler (Dietrick 1961) , which gave estimates of plant bugs and beneficial insect densities. All samples were taken in the center of the plots, twice weekly, with 20 samples per cultivar per treatment on each sampling day. Estimates of pest impact were made by recording numbers of damaged fruit (squares, flowers, bolls) at weekly intervals through the season (1976-1977 to 1978-1979 only) .
Greenhouse Experiments
Seeds of 'Stoneville 7A' nectaried and nectariless cotton were planted in 8-liter pots containing soil from the field experiment site. After emergence, the plants were thinned to three per pot. Vigorous plant development was sustained with a monthly application of Aquasal. The pots were spaced progressively as plant size increased. Plants were watered every second day until the first open boll and thereafter twice per week. A total of 40 pots were maintained per cultivar.
Plant Growth, Maturation, and Yield Data
Only yield data were gathered for the 1975-1976 and 1976-1977 for the 1977-1978 and 1978-1979 seasons: ( I ) fruit (squares (flowcr buds), flowers. bolls) production: (2) crop earliness (first open boll); and (3) yield.
For the field experiments, 20 randomly selected plants per cultivar per treatment were sampled every wcck. In the greenhouse, thc same plants were sampled weekly. End-of-season boll numbers (field studies) were estimated, taking five replicates of 15 plants per each plot. Yield was estimated for each cultivar (field studies) by hand picking 20 I-m row samples of seed cotton. Lint yield was then estimated using a factor of 40% lint of seed cotton. Estimates of yield per hcctare for the greenhouse study were made assuming an equivalent plant density of 140,000 plants per ha.
Results and Discussion
The results arc discussed under the following sections: ( I ) fruit production; ( 2 ) fruit shedding; (3) pest damage; (4) crop earliness; and ( 5 ) yield. Whcre appropriate, data from the diffcrent years were lumped. In the comparisons, emphasis was placed on comparing the nectaried and ncctarilcss cultivars and not on comparisons between years or among treatments.
Fruit Production
The nectariless cultivar produced more fruiting points in five of the six 1977-1978 and 1978-1979 studies. The difference was significant at the 10% but not at the 5% level. Independent of the management treatment, the nectariless cultivar produced ca. 2% more fruiting points. Figure I shows the pattern of square production and the development of these to flowers and bolls for the 1977-1978 season for each management treatment. The 1978-1979 data are not included, since the differences between the cultivars were similar for both years. Typical for all management treatments, as a rapid rate of boll production began, the crop underwent severe physiological stress which resulted in a reduction in the rate of square production and increased fruit shedding (see below). Although both cultivars had similar patterns of crop phenology, the nectaried cultivar was consistently delayed. The differences between cultivars was most obvious when the production of flowers and bolls was compared. The nectariless cultivar produced significantly more bolls in all treatments for both years. The difference between the numbers of bolls was largely due to the .nectariless cultivar shedding fewer of its fruit. Regression analyses comparing the numbers of bolls through time for the cultivars show a reduction of up to 50% for the nectaricd cotton (Table I ). This greatest difference was observed for the 1978-1979 unsprayed cotton which suffered high levels of insect damage (see below).
Fruit Shedding
Shedding of fruit can be caused by naturally induced physiological stress and by pest damage. Previous studies have reported that cotton sheds as much as 80% of the fruit which are initiated even in the absence of pest damage (Basinski and Thomson 1965, Gutierrez 1977, Vol. 12, no. Table 2 shows the total numbers of fruiting points, shed fruit, bolls, and squares remaining on the plant at the termination of the studies. By this time, the retained fruit consisted of bolls which were largely mature and some young squares which would not have sufficient season length remaining to mature. Treating these end-of-season squares as fruit which would shed, from 12 to 40% of the fruit on the nectaried cultivar and I8 to 45% of the fruit on the nectariless cultivar matured as bolls. The lowest levels of retention were for the unsprayed cotton. Within the range of the data the nectariless (N -) cultivar retained a significantly greater percent than thc nectaried ( N + ) ( P > 0.05, equation 16.8 1978-1979 "All regresbions were significant at the I % lcvel 0 1 probability for fruit feeding lepidopterous larval damage, which was much more obvious than heteropteran damage which is mainly detected only by intemal examination of the fruit. There were three peaks of fruit damage in all three seasons: an early December peak, a mid January peak, and a February-March peak. These peaks coincide with peaks of Heliothis spp. larval abundance The first peak coincided with the early-season H . punctigera population peak, the second with the midseason peak of both H . punctigera and H . arrnigera, and the third with the lateseason peak of mainly H . armigero. The damage to the nectariless cultivar was consistently less for each of the 3 years, and although the amount of damage varied considerably the ratio of the percent damage for the cultivars remained fairly constant. Figure 3 indicates an average reduction in damage of about 42% for the nectariless cotton. Separate analyses of each year's data gave a range of 40.9 to 43% reduction in fruit damage on the nectariless. This analysis indicated that the relationship was constant over time.
Damage by tip feeding pests before fruiting can cause a substantial delay in crop maturity (Wilson 1982) . For these studies, the largest amount of the Heliothis damage occurred after fruit initiation, indicating that other pest species may have been responsible for some of this delay (Fig. 3) .
Crop Earliness
Earliness was expressed as the difference in the mean number of days from emergence to the first open boll. The nectariless cultivar was earlier in development for all management treatments during both years (Table 3, 1977-1978 and 1978-1979) . The smallest difference between cultivars (8.5 days) was with the greenhouse studies (no damage), and the largest differences (17.5 days) were with the unsprayed (high-damage) cotton. In the absence of damage, the difference was largely due to the time between the first appearance of a flower and, subsequently, an open boll being less for the nectariless cotton. When damage to the crop occurred as with the unsprayed and sprayed management treatments, the diffcrence in this boll maturation period was actually shortened and the major difference between cultivar earliness was due to a lengthening of the period from seedling emergence to observation of the first square. Presumably pest damage to the crop before squaring resulted in a delay in the initiation of square production (first observed square), with the delay being most severe for the nectaried cultivar. Table 4 gives the mean number of mature bolls per plant for both cultivars over the 4-year period. Table 5 Vol. 12, no. 1976-1977 to 1978-1979 season.
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gives the estimate yields over the 4-year period. For all comparisons, the nectariless cultivar produced significantly more harvestable bolls and more lint. The greatest difference between yields for the two cultivars was for the unsprayed treatment in 1978-1979, the year which received the highest level of pest damage (Fig. 2C) . Increased yields by nectariless cotton cultivars over their near-isogenic, nectaried counterparts has been reported by a number of workers (Meredith et al. 1973, Wilson and Wilson 1976) . In the present study, the nectariless cultivar produced significantly higher yields under all treatments throughout the 4-year period. The nectariless characteristic appears to result in higher yields due to: ( I ) an intrinsically greater yield potential and (2) a reduced attractiveness to insect pests which in tum was responsible for a reduction in pest damage. The higher yields for the nectariless cultivar in a pest-free greenhouse environment indicates that the nectariless cultivar maintains a more favorable metabolic supplydemand balance enabling more of the fruit which are produced to mature. Meredith et al. (1973) came to a similar conclusion and attributed this increased yield to the nectariless crop utilizing the energy which would have been lost in producing the foliar and extra floral nectar and their glands. Not only did the nectariless cultivar produce higher yields, but it also was considerably earlier in maturation. This maturity advantage is particularly relevant in short-season areas where the crop may have difficulty maturing all of its bolls before the season is terminated by cooling weather or rain (Evenson 1969) . The reduction in pest damage and earlier maturity for the nectariless cultivar has considerable significance for cotton crop production. 
